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Objective: This study determines the cost-effectiveness of a recurring short-term surgical mission trip to
the Dominican Republic. Background: The global burden of surgical disease is signiﬁcant. Recent in-
vestigations have shown surgical treatment to be cost-effective at established hospitals within low- or
middle-income countries (LMIC), drawing attention to surgical diseases world-wide. Another method of
providing general surgical care in LMIC is short-term mission trips, but no studies have examined their
cost-effectiveness. Methods: Consecutive week-long trips by the Midwest Medical Missions Michigan
Chapter to the Dominican Republic were studied in 2010 and 2012. All costs were recorded, and oper-
ative logs were maintained. Costs of identical procedures carried out at the authors' host institution were
estimated. Direct comparisons were made between the cost of surgeries performed in the USA and the
estimated amount of money spent on the mission trips attributable to each procedure. Disability-
adjusted life years (DALYs) averted were calculated for both trips. Results: The cost for all cases in
2010 would have been $255,187 if performed at the United States hospital and $398,177 in 2012. The
amount actually spent on the trips was $61,924 in 2010 and $82,368 in 2012 e a relative cost-reduction
of 79%. 473 DALYs were averted. An average of 6.9 DALYs were averted per patient, and the cost per DALY
averted was $304.88. Conclusions: The procedures on a surgical mission trip to the Dominican Republic
were less expensive than similar care provided in the United States. The cost per DALY averted is low,
demonstrating the cost-effectiveness of the trips.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Background
The global burden of surgical disease is signiﬁcant and
addressing surgical conditions has the potential to make a
tremendous impact on global health [1]. More than 10% of all dis-
ease world-wide is estimated to be surgical in nature. Conversely, it
is estimated that only 3% of surgeries are performed in low- andvidence Hospital and Medical
, USA.
by Elsevier Ltd. All rights reservedmiddle-income countries and that one-third of the world's popu-
lation has no access to surgical care.
Historically, there has been a reluctance to focus on surgical
conditions in the developing world due to concerns about cost-
effectiveness, but recent research has found surgical treatment to
be a cost-effective tool within the global public health approach [2].
Multiple recent analyses have demonstrated that surgeries per-
formed at established hospitals within resource-poor countries
might be more ﬁnancially feasible than previously thought [2,3].
Similar studies examining the cost-effectiveness of short-term
surgical mission trips to resource-poor countries have not been
published..
Table 1
Cases performed by year.
Cases performed 2010 2012 Total
Tubal ligation 4 12 16
Umbilical hernia repair 2 7 9
Hysterectomy 4 4 8
Inguinal hernia repair 1 6 7
Lipoma excision 3 3 6
Ventral hernia repair 3 1 4
Excision cyst 2 1 3
Hydrocelectomy 1 2 3
Keloid excision 1 2 3
Sebaceous cyst excision 2 1 3
Hemorrhoidectomy 2 0 2
Arm mass exploration 1 0 1
Bakers cyst excision 0 1 1
Cholecystectomy 1 0 1
Circumcision 0 1 1
Colostomy reversal 1 0 1
Laceration repair 0 1 1
Oopherectomy 1 0 1
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annually to an underserved area within Samana Peninsula of the
Dominican Republic since 1974. The trip has been well established,
and its efﬁciency in providing surgical care, as well as its beneﬁcial
effects on resident education, have been published previously [4].
The trips are each one week. Surgeries are performed Monday
through Thursday. Friday and Saturday are reserved for follow-up
of post-operative patients, and no further surgeries are per-
formed on these days.
The group varies in personnel from year to year, but typically
includes one general surgeon, one general surgery resident, one
gynecologist, one gynecology resident, two anesthesiologists, four
nurse anesthetists, and three to four nurses. There is also a primary-
care component to the mission, including an internist and two local
pediatricians. At times, other people have come in a supporting
role, such as nursing students and medical students, who have
helped with the mission in aspects other than direct patient care.
The Dominican Republic has variable health care, depending on
the region. Overall, it is ranked ﬁfty-ﬁrst in the world by the World
Health Organization, in terms of healthcare [5]. The country has an
overall life expectancy of 77 years [6]. In infant and maternal
mortality rates, the Dominican Republic ranks ninety-ﬁrst and
sixty-second, respectively [6]. The particular region served by the
Midwest Medical Missions group has a hospital but does not have
regular access to surgical care. Patients needing surgical care would
be required to travel to the capital city of Santo Domingo, which can
be cost-prohibitive or impractical due to the necessary time away
from work that would be necessary.
There remain many controversial components to providing
surgical care in such settings, including how to prioritize care, the
standards of care which must be met, supervision of trainees,
ability to provide continuity of care, and providing care outside
one's typical scope of practice [7]. While these concerns are
recognized by the authors of this article, this study is not designed
to address such topics. This aim of this study, conducted by mem-
bers of the Midwest Medical Missions Michigan Chapter, is to
demonstrate that this short-term surgical mission trip is a cost-
effective way of providing surgical care to an underserved
population.2. Methods
The two most recent Midwest Medical Missions Michigan
Chapter trips (2010 and 2012) to the Dominican Republic were
studied. Each trip included similar numbers of personnel. Only the
costs and beneﬁts of the surgical portions of the trip were exam-
ined, while those of the primary care personnel and supplies were
excluded. The costs of the trip and estimated beneﬁts to the pa-
tients were calculated as described below.2.1. Costs of trips
Money spent on the mission trips taken in 2010 and 2012 was
tabulated.When supplies were donated, or direct costs could not be
obtained, estimates were obtained from representative vendors via
Internet searches. To calculate the worth of time spent, salaries
from the host institution were used where able, and others were
estimated from the USA Bureau of Labor Statistics [8]. Time donated
was valued at 1/52 of the corresponding salaries. Records from each
meal were not available, so overall estimates were made based on
known costs of individual meals and the number of meals
consumed.
Only the costs pertaining to the surgical arm of the trip were
considered; costs associated with the primary care portion wereomitted. Costs were calculated for each year individually, and a
combined total was calculated, as well.
All monetary ﬁgures are presented in United States dollars.
2.2. Cost of procedures
Each procedure was examined individually to determine what
its cost would have been if performed at the United States insti-
tution fromwhich the authors came. This was done in collaboration
with the authors' host institution's billing department, taking into
account each patient's demographic information and CPT proce-
dure codes. For procedures not performed at the authors' home
institution, the cost of a similar procedure based support of pub-
lished literature was used. The decision was made to use estimated
charges to patients, rather than the cost incurred by the hospital,
because it most closely resembles what a patient would have to pay
if having a procedure done in the United States.
2.3. Cost-beneﬁt analysis
Beneﬁts of surgical procedures are difﬁcult to calculate. Many
authors have advocated the use of Disability Adjusted Life-Years
(DALYs), so that all public health studies are using similar metrics
[2,9]. Each patient was evaluated individually to determine the
DALYs attributable to their condition, according to previously
published guidelines [2]. DALYs-averted were calculated by deter-
mining how many DALYs one would incur if untreated and sub-
tracting the number of actual DALYs experienced by each patient.
A discount rate of 0% was used with uniform age weighting,
consistent with the Global Burden of Disease 2010 report [10]. A life
expectancy of 82.5 years was assumed. To determine the duration
of disease, when actual history was unable to be obtained, the
following assumptions were made: patients with multiparity
would have one pregnancy in the next two years with a maternal
mortality rate of 150/100,000 and a pregnancy complication rate of
51% [11], inguinal and ventral hernias were present for four years
prior to presentation, umbilical hernias were congenital, lipomas
were present for four years prior to presentation, hemorrhoids
were present for two years, uterine ﬁbroids were present for ﬁve
years, and keloids were present for two years. These estimates were
based on averages of cases with known durations.
Conclusions of cost-effectiveness were made by comparison
between the Dominican Republic's gross domestic product per
capita and the cost per DALY-averted. The WHO suggests that an
Table 3
Percentage of costs for each operation.
Percentage of costs
2010
Percentage of costs
2012
Umbilical hernia repair, simple 0.00% 2.35%
Umbilical hernia repair,
complex
9.59% 18.44%
Transabdominal hysterectomy 27.74% 17.78%
Inguinal hernia repair 5.08% 19.54%
Lipoma excision 10.72% 6.87%
Ventral hernia repair 14.43% 3.08%
Sebaceous cyst removal 9.64% 3.09%
Hydrocelectomy 5.12% 6.56%
Keloid excision 2.30% 2.95%
Hemorroidectomy 1.84% 0.00%
Arm mass excision 3.13% 0.00%
Bakers cyst excision 0.00% 3.19%
Open cholecystectomy 5.01% 0.00%
Adult circumcision 0.00% 2.33%
Loop colostomy reversal 0.00% 0.00%
Bilateral tubal ligation 5.41% 10.39%
Facial laceration repair 0.00% 3.42%
Table 4
Costs of trips.
2010 2012
Airfare $9350 $11,050
Hotels $6325 $8825
Singles  5 people $3700 $4650
Doubles  12 people $2625 $4175
Food $1700 $5950
In-country transport $2080 $2080
Airport-hotel $1680 $1680
J.P. Egle et al. / International Journal of Surgery 12 (2014) 1045e1049 1047intervention whose cost per DALY-averted is less than the GDP per
capita is “very cost effective,” an interventionwhose cost per DALY-
averted is between one and three times the GDP/capita is “cost
effective,” and an intervention whose cost per DALY-averted is
greater than three times the GDP/capita is “not cost-effective” [12].
The gross domestic product per capita of the Dominican Republic is
$9080 [6].
In addition to calculating DALYs, direct comparisons were made
between the actual cost of similar surgeries performed in the USA
and the estimated amount of money spent on the mission trips
attributable to each procedure. This was to provide a more prac-
tical, though less generalizable, means of comparison.
3. Results
In 2010 there were a total of 29 cases performed, and in 2012
there were a total of 42 cases. Tubal ligations and hernia repairs
comprised the majority of these cases, and the full operative list is
shown in Table 1. The number of cases performed in 2012 was
greater, but the complexity of cases in 2010 was higher. Patients
were seen in follow-up at the conclusion of each trip if there were
any concerns. No complications were identiﬁed during either trip.
After the departure of the mission teams, patients followed up with
their regular Dominican physicians.
Of the cases performed, the cost at the authors' home institution
would range from $2345 for a hemorrhoidectomy to $17,697 for a
transabdominal hysterectomy (Table 2). The overall cost for all
cases performed in 2010 would have been $255,187 if performed at
the United States hospital, and the cost would have been $398,177
for the cases performed in 2012. The overall cost for both years of
similar procedures, if performed at the authors' institution, would
have been $690,252.
For each type of operation, the cost of an individual procedure
was multiplied by the number of times it was performed to
calculate the total cost. This was divided by the overall cost esti-
mate for each year to determine the percentage of overall cost that
each type of procedure contributed to overall cost (Table 3). For
example, inguinal hernia repairs have an estimated cost of $12,964,
and there were six inguinal hernia repairs in 2012. This is a total
estimated cost of $77,784. Dividing $77,784 by the total estimated
cost for 2012 of $398,177 reveals that inguinal hernias account for
19.5% of the overall cost.
The total amount of money spent each year on the mission trips
was calculated (Table 4). There were no costs paid to the Dominican
hospital for use of the facilities nor to any local Dominican
healthcare workers. A total of $61,924 was spent in 2010, andTable 2
Costs of operations in the United States.
Procedure Cost per operation
Umbilical hernia repair, simple $9356
Umbilical hernia repair, complex $12,237
Transabdominal hysterectomy $17,697
Inguinal hernia repair $12,964
Lipoma excision $9117
Ventral hernia repair $12,272
Sebaceous cyst removal $12,296
Hydrocelectomy $13,067
Keloid excision $5882
Hemorroidectomy $2345
Arm mass excision $7985
Bakers cyst excision $12,695
Open cholecystectomy $12,782
Adult circumcision $9291
Bilateral tubal ligation [13] $3449
Facial laceration repair $13,636$82,368 was spent in 2012. The total for both years was $144,292.
These were multiplied by the percentages estimated earlier to
calculate an approximate amount of money from each trip allo-
cated to each procedure using data from individual years as well as
overall data from both years (Tables 5 and 6). Procedures during the
2012 trip cost approximately 15% less than similar procedures on
the 2010 trip. The overall cost of a surgery in the Dominican Re-
public was 79% less expensive than an equivalent surgery in the
United States.
A total of 473 DALYs were averted (Table 7). One hundred forty-
seven DALYs were averted in 2010 and 327 were averted in 2012.
The average number of DALYs-averted per patient was 6.9. The
cases which accounted for the most DALYs averted were bilateral
tubal ligations, and umbilical and inguinal hernia repairs. Tubal
ligations were the single most cost-effective procedure based onHotel-hospital $400 $400
Luggage $0 $510
Medicines $3000 $3000
IV ﬂuids $250 $250
Surgical packsa $634 $919
Misc. equipmentb $0 $11,200
OR table $0 $5000
OR light $0 $4000
2 Deﬁbrillators $0 $2000
Gomco suction $0 $200
Communications $50 $50
Meeting expenses $400 $400
Volunteered timec $40,215 $40,215
Surgeons $12,022 $12,022
Residents $1911 $1911
Anesthesiologists $15,665 $15,665
CRNAs $6885 $6885
RNs $3732 $3732
Total $61,924 $82,368
a www.mooremedical.com.
b www.venturemedical.com.
c data.bls.gov.
Table 5
Cost of procedures on each mission trip.
Cost per operation in DR
2010
Cost per operation in DR
2012
Umbilical hernia repair,
simple
$1935
Umbilical hernia repair,
complex
$2969 $2531
Transabdominal
hysterectomy
$4294 $3661
Inguinal hernia repair $3146 $2682
Lipoma excision $2212 $1886
Ventral hernia repair $2978 $2539
Sebaceous cyst removal $2984 $2544
Hydrocelectomy $3171 $2703
Keloid excision $1427 $1217
Hemorroidectomy $569
Arm mass excision $1938
Bakers cyst excision $2626
Open cholecystectomy $3102
Adult circumcision $1922
Bilateral tubal ligation $837 $713
Facial laceration repair $0 $2821
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and $252.20 in 2012. The overall cost per DALY-averted was
$304.88. This is less than the gross domestic product per capita of
the Dominican Republic ($9080), making this a very cost effective
intervention.4. Discussion
Lack of surgical care within developing nations remains a large
burdenwhich is gradually gaining more attention on a national and
international scale, and appropriate methods of ﬁlling this gap in
care remain elusive. One method of bridging the gap in lieu of more
sustainable solutions has traditionally been mission trips from
developed nations. The Midwest Medical Missions Michigan
Chapter has been ﬁlling a void in surgical care in an underserved
area of the Dominican Republic for more than 30 years. The oper-
ative standards are maintained at a level equivalent to that found in
the United States, and there were no complications identiﬁed
during this study period.
When calculating how much money is spent on a short-term
surgical mission trip, many expenses are clearly directly related
to the mission itself, such as disposable medical equipment andTable 6
Cost of procedures on based on compiled missions data compared to USA data.
Cost per operation in
USA
Cost per operation in
DR
Umbilical hernia repair,
simple
$9356 $1956
Umbilical hernia repair,
complex
$12,237 $2558
Transabdominal hysterectomy $17,697 $3699
Inguinal hernia repair $12,964 $2710
Lipoma excision $9117 $1906
Ventral hernia repair $12,272 $2565
Sebaceous cyst removal $12,296 $2570
Hydrocelectomy $13,067 $2732
Keloid excision $5882 $1230
Hemorroidectomy $2345 $490
Arm mass excision $7985 $1669
Bakers cyst excision $12,695 $2654
Open cholecystectomy $12,782 $2672
Adult circumcision $9291 $1942
Bilateral tubal ligation $3,449 [13] $721
Facial laceration repair $13,636 $2851airfare of personnel. However, there are many variables which
could either be considered direct costs of the mission or could be
considered personal expenses, such as meals, baggage costs, and
hotel expenses. Also, some supplies were bought or donated are
reusable and were either left at the hospital or would be used for
multiple years. For example, an OR table and OR light were donated
in 2012, and both were left at the hospital as gifts of the mission.
Finally, it is arguable whether consideration should be given to the
value of time volunteered, as the participants in the trips received
no compensation for the work performed.
To allow the greatest chance to disprove the hypothesis that the
trip is cost-effective, all costs related to the trip, including those
which might be considered to be personal expenses or not directly
attributable to the mission, are factored into the analysis. Even
taking into account as liberal a calculation as possible of the money
spent on each mission trip, procedures performed on the mission
trips were uniformly less expensive than their American counter-
parts. This shows that short-term surgical mission trips from a
developed nation can be cost-effective.
Similarly, the cost of wages lost is typically not included in cost-
beneﬁt calculations for short term trips [16]. These are opportunity
costs, and not true costs. However, when calculating DALYs in
established hospitals, personnel wages are factored into the anal-
ysis [2]. Since lost wages would account for the largest portion of
costs of the trip, if included, and thus would have a large impact on
the study's outcome. If wages lost were not included, the cost per
DALY averted would have been $134.94. This represents an even
more favorable cost-beneﬁt ratio to short-term surgical trips, and
compares favorably to other common public health investments on
a global scale, such as oral rehydration therapy, breast feeding
promotion, or highly active antiretroviral therapy for HIV, which
range from $922e1062 per DALY-averted [2].
More historical measures using DALY-averted calculations
typically used discount rates of 3%. If this discount rate were
applied to these data, the cost per DALY-averted would remain very
cost-effective at $662.96.
The authors considered comparing costs of these trips to what
similar surgeries would have cost at the larger government hospital
in the capital city of the Dominican Republic for the purpose of
comparisons. However, this strategywas not used becausewe could
not verify the quality of care which patients would have received at
this institution, while the care we provided was on-par with United
States healthcare, and for any operative cases in which we would
not have been able to meet those standards, patients were not
offered surgery. Operations performed in the Dominican Republic
at an established hospital may be a less costly option than sending
bringing in surgical teams from overseas, but if care were not at an
acceptable level of quality, this would not be considered a viable
cost-effective option. Further research can be performed to focus on
the quality and cost-effectiveness of alternative local options.
One limitation of DALY analyses is the subjectivity of individual
disability weights. Few conditions treated on these trips have
previously published disability weights. Disability weights were
estimated by themost similar conditions encountered, using as few
sources as possible. No single source had a list of conditions
comprehensive enough to facilitate estimation of disability weights
for all conditions. This was particularly difﬁcult with multiparity,
which accounted for a signiﬁcant portion of the DALYs averted.
Estimates were made based on the assumption that women would
have one additional pregnancy in two years, using published rates
of maternal complications and the potential DALYs that they would
have incurred through those complications. Unfortunately, this
calculation cannot be performed without both the subjectivity of
the disability weights utilized and the assumptions previously
mentioned.
Table 7
DALYs averted and cost per DALY averted.
Case Disability
weight
Total DALYs
averted
Cost per DALY
averted
Umbilical hernia repair (low
complexity)
0.207 11.4 $171
Umbilical hernia repair (high
complexity)
0.207 125.6 $163
Hysterectomy 0.112 34.2 $866
Inguinal hernia repair 0.207 79.6 $238
Lipoma removal 0.112 19.4 $590
Ventral hernia repair 0.207 23.9 $429
Sebaceous cyst removal 0.024 7.4 $2083
Hydrocelectomy 0.207 31.9 $257
Keloid excision 0.036 6.2 $591
Hemorrhoidectomy 0.012 1.0 $949
Arm mass excision 0.112 6.7 $249
Bakers cyst excision 0.079 6.5 $410
Open cholecystectomy 0.186 9.2 $292
Adult circumcision 0.05 2.9 $666
Bilateral tubal ligation 0.238 98.6 $117
Facial laceration repair
(complex)
0.335 8.7 $327
Sources for disability weights are references [11,14,15].
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do not change based on whether the condition is treated, so an
additional modiﬁcation to factor in severity of disease has been
proposed [2]. This factor heavily biases against the economic efﬁ-
ciency of treating non-fatal conditions and declares the DALYs
averted by treating a non-fatal condition to always be zero. As the
conditions treated on these mission trips would rarely, if ever, be
fatal if left untreated, this modiﬁcation was not utilized. The orig-
inal intent of DALYs was to avoid the need for such a modiﬁcation
by weighting years lived with disability against years of life lost,
without the need for such a modiﬁcation.
Every mission trip is going to have variable circumstances, even
when the trip is to a similar location at different times. The two
trips analyzed here show that trips to the same portion of the
Dominican Republic in different years were both cost-effective,
when compared to United States costs, despite some inequalities
between trips. For example, the 2010 trip participants stayed at a
lower-priced hotel which provided two meals per day, included in
the cost of the hotel stay. The 2012 trip participants were unable to
stay at the same hotel due to lack of vacancies, forcing the team to
stay at the only alternative with rooms still available: a much
higher-priced establishment which did not provide anymeals. Both
trips were analyzed separately in order to demonstrate how such
variability can occur between trips, even trips by a group with over
three decades of history.
In 2012, when more money was spent on the trip, primarily due
to donated durable medical goods and increased hotel and food
costs, the trip was actually more cost-effective than in 2010. This
was due to the higher number of cases performed, even though the
cases were overall of a lesser degree of complexity.
5. Conclusions
Whether these results can be generalized to mission trips in
other countries, trips of other durations, or newly formed mission
trips requires further investigation. However, these data demon-
strate the cost-effectiveness of this recurring short-term surgical
mission trip to an underserved area in the Dominican Republic.
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